As part of an analysis of the burden of disease and injury in the United States, we identified and quantified the incidence of adverse health events, deaths, and disability adjusted life years (DALY) attributed to sexual behaviour. In 1998, about 20 million such events (7532/100 000 people) and 29 782 such deaths (1.3% of all US deaths) occurred, contributing to 2 161 417 DALYs (6.2% of all US DALYs). The majority of incident health events (62%) and DALYs (57%) related to sexual behaviour were among females, and curable infections and their sequelae contributed to over half of these. Viral infections and their sequelae accounted for nearly all sexual behaviour related deaths-mostly HIV/AIDS. Sexual behaviour attributed DALYs in the United States are threefold higher than that in overall established market economies.
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T he need to address root causes of health issues-rather than a disease, pathology, or organ system-is well recognised. 1 An assessment of 1990 deaths in the United States concluded that half of all deaths were attributable to nine risk factors, including sexual behaviour (which accounted for 30 000 deaths). 1 Sexual behaviour leads to a variety of harmful consequences, such as unintended pregnancy, social stigma, infections, and chronic psychological or pathological sequelae. 2 Measuring adverse outcomes of reproduction or sexual behaviour by counting deaths or diseases alone is inadequate for a proper understanding of the dimensions of the issue. Many such adverse outcomes occur at a young age leading to a large component of lifespan lived with disability. Many deaths from such adverse outcomes occur at a young age and such loss of productive life is not captured by mortality statistics. In this first attempt to generate comprehensive summary statistics on the public health burden related to sexual behaviour in the United States, we present estimates of incidence of adverse health events (morbidity and their sequelae), mortality; and disability adjusted life years (DALYs). DALY is a time based, composite indicator of the burden of disease that adds loss of life years caused by premature death and loss of healthy life as a result of morbidity and associated disability. 
METHODS
A simple comprehensive approach for identifying adverse health outcomes of root causes such as sexual behaviour is not available. Many adverse health outcomes for which sexual behaviour have a role have multifactorial aetiology. For example, only a proportion of hepatitis B virus (HBV) is transmitted sexually, and only a proportion of liver cancer is caused by HBV. Sorting out the relative contribution of sexual behaviour for some conditions and quantification of such conditions require disparate approaches and varying data sources. Similarly, calculation of DALYs for a given condition requires information on the natural history of that condition including incidence and duration of illness, the extent of disability, and the number of deaths, some of which are not readily available. For this analysis, we adapted and updated the methodology used in the global burden of disease study initiated by the World Bank and the World Health Organization, and other attempts to assess various components of sexual behaviour related health burden. [2] [3] [4] [5] We used the data compiled for the US Burden of Disease Study including published estimates of incidence of sexually transmitted diseases (STD) and reproductive morbidity and mortality, national vital statistics, notifiable disease surveillance system, national surveys, outpatient and hospital discharge summaries, prevalence data from individuals attending healthcare services, and expert opinion. [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] Base year for the US Burden of Disease study was 1996.
We included 100% of all major sexually transmitted infections. For conditions with risk factors other than sexual behaviour (for example, HIV), or aetiology (for example, liver disease), we identified the sexual behaviour attributable fraction from the literature (table 1) . 2 4-6 8 Consistent with assumptions in the report of the World Health Organization, maternal and infant conditions related to unintended pregnancy and all elective abortions that were not medically indicated were considered as adverse outcomes of sexual behaviour.
2 Sexual behaviour related conditions with insufficient data on attributable fractions (for example, bacterial vaginosis, rape associated violence and post-traumatic stress disorders) were excluded.
RESULTS
Overall, in the United States, in 1998, about 20 million adverse health events (7532 per 100 000 people) and 29 745 deaths (1.3% of US deaths) were attributed to sexual behaviour, contributing to 2 161 417 DALYs (6.2% of US DALYs 3 ). Females suffered the majority of incident sexual behaviour related adverse health events (62%) and DALYs (57%), whereas males suffered the majority of deaths (66%) (table 1). If HIV related mortality were excluded, more than 80% of sexual behaviour related mortality would be those among women. Among females, more than half of the incident events and DALYs were contributed by curable infections and their sequelae. However, deaths from curable sexually transmitted infections were rare; the majority of unsafe sex related deaths are from viral infections and their sequelae (men, 99.5%; women 96.8%). Cervical cancer and HIV are the leading causes of such mortality among females, whereas HIV was by far the single leading cause among males. Also, viral diseases caused the majority of sexual behaviour attributed health burden among males.
Abbreviations: DALY, disability adjusted life years; HBV, hepatitis B virus; HPV, human papillomavirus; STD, sexually transmitted diseases
DISCUSSION
Sexual behaviour attributed DALYs in the United States are threefold higher than those in overall established market economies. 2 Our analysis was comprehensive and included more unsafe sex related conditions than were considered in previous analyses for the United States (such as hepatitis, infertility, reproductive sequelae in men, maternal conditions, and abortions). 4 5 Even so, our estimates probably reflect the lower bound of the sexual behaviour related public health burden in 1998. For instance, for HIV infection, we included only the percentage attributable to sexual transmission alone, and not in combination with other risk factors such as injecting drug use. If we included people who had other risk factors (that is, in addition to sexual behaviour) for HIV transmission, part of the remaining 27% HIV/AIDS burden among males and 29% females would be attributable to sexual transmission. Sexual behaviour attributed DALYs, particularly those attributed to HIV/AIDS, may vary slightly for more recent years because of the declines in HIV/AIDS deaths, increases in the number of people living with HIV/ AIDS, and the resurgence of bacterial STDs and unsafe sex among some population groups. 6 DALYs may not capture the full social and economic dimensions of reproductive morbidity and those arising from some prevalent viral infectionsfor example, 45 million people in the United States have genital herpes and 20 million carry the human papillomavirus (HPV). 2 4 Women bear a disproportionately high proportion of the overall sexual behaviour attributable health burden in the United States. The role of sexual behaviour is generally far removed from discussions and prevention programmes that address cervical cancer. Cervical cancer causes more deaths than HIV and such deaths generally occur among older women. However, HIV affects younger women and therefore the DALY estimates for HIV are nearly twofold higher than cervical cancer. Among women, curable infections and their sequelae still prevail as the leading contributor to disease and disability. Although this analysis was not stratified by age groups, it is clear that adolescents and young women are at the highest risk of complications from unsafe sex (pregnancy, abortions, infections) which can cover an entire lifespan. 2 8 9 Despite the availability of contraceptive choice in the United States, 78% of pregnancies among 15-19 year old women in 1994 were unintended. 6 Knowledge about HPV and use of the ÀNot included in the number of women with HPV. Chronic liver disease and hepatocellular carcinoma. 1Acute conditions. ôKoran et al.
6
ÀÀBased on age specific rates of unintendeness of pregnancy (Henshaw 7 ) and includes effects on both mother and child.`A bortions performed for medically not indicated reasons are attributed as adverse effects of sexual behaviour. **Allocated to pregnancy outcome. 11Based on natural history of gonorrhoea and chlamydia (Murry and Lopez 2 Estimation of health burden with respect to a root cause (such as sexual behaviour) is limited by the conceptual difficulties in defining the link between exposure and health event, deficiencies in the primary databases, and by the variable approaches used in various studies to derive attributable fractions. 1-3 5 Risk information is recorded hierarchically for some pathogens such as HIV and hepatitis viruses. In such instance, people who had both sexual behavioural risk and injecting drug use risk may be subsumed in the injecting drug use category. Information on risk behaviour or exposure is limited in the medical and surveillance records and no risk is identified for a significant proportion of cases both for HIV and hepatitis viruses. 12 13 Therefore, the attributable fractions developed for some conditions by themselves may be underestimates. Another concern is the time lag between risk and disease acquisition and disease occurrence. For example, exact timing of hepatitis B virus transmission that resulted in hepatocellular carcinoma may be unknown in most cases. The percentage of hepatitis B virus transmitted sexually varies over time (or unknown for some periods) leading to inconsistency in data used for attributable fractions to compute the proportion of hepatocellular carcinoma that is related to hepatitis B virus. Lastly, period of time lived with disability is variable and influenced by many determinants including access to care, introduction of newer treatment options, and time taken to access such options. Further, reporting delays, misclassification, and incompleteness in reporting of varying levels are inherent limitations of some primary data sources used for counting of deaths and morbidity including cancer and other disease registries, surveillance systems, and vital statistics. [12] [13] [14] [15] [16] It is generally acknowledged that the field of sexual and reproductive health should not only address the key adverse outcomes but pay attention to positive including life enhancing aspects of sexuality. Methods to estimate such benefits and, more so, how to translate such findings to action for programs remain unclear. In the meantime, the quantification attempts, such as this which focused on the adverse outcomes, compel us to further refine the methodology, and the findings offer a mandate that help us focus public health policy on fundamental factors that affect a wide variety of diseases. Despite the many criticisms of the DALY as a measurement unit, 15 16 it represents a major conceptual advance to assess public health burden providing a common measure for fatal and no fatal outcomes.
Our findings highlight the extent and range of adverse effects of sexual behaviour. Such recognition calls for greater emphasis on the design and implementation of sexual risk reduction programmes. Increasing coverage of hepatitis B vaccine will undoubtedly reduce sexually transmitted hepatitis B virus related burden. However, given the size and chronicity of HIV, HPV, and other hepatitis virus epidemics, the overall health burden related to sexual behaviour is unlikely to decline rapidly in coming years. Interventions among adolescents to delay age at first sexual contact, widespread Papanicolaou testing and use of hepatitis B vaccine, screening and treatment of curable STDs, and correct and consistent use of condoms and contraceptives can reduce the sexual behaviour related public health burden substantially. Nearly all sexual behaviour related adverse health events are preventable.
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